MRL-lpr/lpr (lpr) mice fall victim to autoimmune disease owing to a lymphoproliferative disorder mainly of double-negative (DN) CD4 -CD8 -o4pT cells expressing a low density of interleukin-2 receptor 1-chain (IL-2RO). It was previously revealed that the lpr gene is a defective Fas gene, into which an early transposon (ETn) of retrovirus is transfected. As a result of the failure of apoptosis, intermediate T-cell receptor (TCR) cells (i.e. TCRint cells) with DN phenotype abnormally accumulate in the periphery of lpr mice. We investigated herein how these TCRint cells are selected in terms of CD4, CD8 and TCR in lpr mice. When a whole fraction of mononuclear cells (MNC) in various immune organs of lpr mice was injected into scid mice (allogeneic circumstance), CD8+ TCRint cells mainly expanded. They had a high density of IL-2RP. This was true when bone marrow cells of lpr mice were injected into scid mice. On the other hand, when MNC of the spleen and bone marrow in lpr mice were injected into irradiated (9 Gy) lpr mice (syngeneic circumstance), the major expanding cells were DN TCRin, cells expressing a low density of IL-2RP. A cell-sorting experiment for purified fractions demonstrated that only CD8+ cells reconstituted TCRin, cells in scid mice. Namely, DN CD4-CD8 -cells as well as CD4+ cells which once acquired the mature phenotype, no longer switched their phenotype. These results suggest that the phenotype of TCRint cells is influenced by the surrounding microenvironment.
INTRODUCTION
Based on these findings, attention was then focused on abnormally expanding DN CD4-CD8 -cells in the periphery of MRL-lpr/lpr (lpr) mice. These lpr mice are known to carry an abnormal Fas gene (i.e. lpr gene) into which the early transposon (ETn) of a retrovirus is transfected.'1-13 Because of the abnormality of apoptosis (due to the defective Fas molecules), primordial pathways of T-cell differentiation might be activated in lpr mice. Indeed, in these mice the major sites of proliferating T cells are the liver and thymic medulla, i.e. the sites of primordial T-cell differentiation. '4-'6 This might be because apoptosis can occur in several ways other than via the Fas system in the pathway for conventional T cells, while in the pathways for primordial T cells, apoptosis occurs only with the Fas system.' Namely, the defective Fas molecule more seriously affects the pathway of primordial T cells. Since primordial T cells primarily contain populations of DN CD4-CD8-cells and interleukin-2 receptor (IL-2R)or-A cells, the above-mentioned speculation seems reasonable.'518" 9 The next question is why there is a site-dependent difference of phenotypes between abnormal T cells in lpr mice. Abnormal T cells in the periphery of these mice are mainly DN CD4-CD8-TCRin, cells expressing a lower level of IL-2RP, while those in the liver and thymic medulla are mainly singlepositive CD4' or CD8+ TCRint cells expressing a higher level of IL-2R3." The mucosal tissue in the lung and uterus also mined by the surrounding microenvironments. Moreover, TCRint cells which once acquire the mature phenotype were no longer able to change their phenotype.
MATERIALS AND METHODS
Mice BALB/c, lpr, and CB 7/Icr-scid (scid) mice, originally purchased from Charles River Japan Inc., Kanagawa, Japan, were used at 8-15 weeks of age. These mice were maintained at the animal facility of Niigata University under specific pathogenfree conditions.
Allogeneic and syngeneic transplantation Some scid mice were intravenously (i.v.) injected with 5 x 106 mononuclear cells (MNC) from the liver, spleen, thymus and bone marrow cells from lpr mice (allogeneic combination). Other scid mice were i.v. injected with 5 x 105 sorted splenic lymphocytes (CD4', CD8', or CD4-CD8-) from lpr mice. The lpr mice were lethally irradiated (9 Gy) and then i.v. injected with I x 107 spleen or bone marrow cells from lpr mice (syngeneic combination).
Cell preparation Mice anaesthetized with ether were sacrificed after complete exsanguination through incised axillary arteries and veins.2"
Specimens from the liver, spleen and thymus were removed and kept in phosphate-buffered saline (PBS; pH 7-2) on ice until cell preparation. To obtain liver MNC, the liver obtained from one mouse was cut into small pieces with scissors, pressed through a 200-gauge stainless steel mesh, and then suspended in 40 ml of Eagle's minimal essential medium (MEM) supplemented with 5 mm HEPES (Nissui Pharmaceutical Co., Tokyo, Japan) and 2% heat-inactivated newborn calf serum. . Expanding CD31n1 cells in scid mice were IL-2Ra-. On day 5 after transfer, MNC were obtained from the liver, spleen and thymus. Two-colour staining for CD3 and IL-2Ra was carried out. The expanding CD3n' cells were estimated to be IL-2Ra-. In the case of the thymus of scid mice, there were many CD3 -IL-2Ra+ cells which are abnormal precursor T cells of recipient origin. Figure 4 . A comparison of the distribution of V'+ cells in control Ipr mice and scid mice which received a transfer of splenic MNC. Two-colour staining for CD3, IL-2RP, and each VP3 was performed on day 5. The percentage of VP' cells among CD3int cells was analysed in pooled materials (three mice in each case). Predominance of V03 + and V18 + cells was seen in treated scid mice.
After being washed once with medium, the cells were fractionated by the Percoll centrifugation method for 15 min at 2000 r.p.m. 22 The cell pellet was washed with the medium. To deplete red blood cells (RBC), ammonium chloride [155 mM NH4Cl +10 Imm KHCO3 +1 mM sodium ethylene (EDTA-Na)] Diamine tetraacetic acid Tris buffer solution was added. After being washed twice with the medium, liver MNC were suspended in 1 ml of medium and the number of cells was counted. Splenic cells and thymocytes were obtained by forcing each organ through 200-gauge stainless steel mesh. To deplete RBC, splenic cells were lysed with the ammonium chloride solution.
Immunofluorescence test
The surface phenotypes of cells were analysed using monoclonal antibodies (mAb) in conjunction with a two-colour immunofluorescence test.'0 The mAb used here included fluorescein isothiocyanate (FITC)-, phycoerythrin (PE)-, or biotin-conjugated reagents of anti-CD3 (145-2C1 1), anti-IL-2RO
(TMI-1), anti-IL-2Ra (7D4), anti-CD4 (GK1.5), and anti-CD8 (53-6.7) mAb (PharMingen Co., San Diego, CA). VP' T cells were identified by two-colour staining for CD3 (FITC) and corresponding VP (PE). All biotin-conjugated reagents of anti-VP3 mAb against VP2,-3,-5,-6,-7,-8 and -11 were obtained from PharMingen. Biotin-conjugated reagents were developed with PE-conjugated streptavidin (Becton Dickinson, Mountain View, CA). The fluorescence-positive cells were analysed with FACScan using LYSIS II software (Becton Dickinson).
Cell sorting MNC obtained from the spleen were stained with FITCconjugated anti-CD8 mAb and biotin-conjugated anti-CD4 mAb followed by PE-conjugated streptavidin, and sorted out by FACStar II plus (Becton Dickinson). Cell fractions were harvested, washed and used for i.v. injection.
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RESULTS

Expansion of CD3nt cells in scid mice
In a series of recent studies,'10"18"9 we intensively characterized TCRrnt (or CD3int) cells with respect to their phenotype, morphology and function in normal mice and lpr mice. To show the phenotypic characteristics of TCRint cells, the data from control BALB/c mice ( 15 weeks old) are first represented ( Fig. 1 ). Two-colour staining for CD3 and IL-2RO revealed a large peak of IL-2RO' CD3nt cells in the liver. Such cells were very few in number in the spleen and thymus of these mice.
In the case of scid mice, both CD3rnt cells and CD3"hi cells were undetectable ( Fig. 1 ). Instead, a large peak of CD3 -IL-2Rj3 NK cells was seen in all tested organs. Based on these findings, we conducted the following experiments. We isolated MNC from the liver, spleen and thymus of lpr mice (15 weeks old), and 5 x 106 such cells were injected into scid mice of the same age ( 15 weeks old) ( Fig. 1 ). Similar to the case of lpr mice, a prominent expansion of IL-2Rf3 CD3int cells was seen in all organs of treated scid mice on day 7, irrespective of isolated organs. The intensity of IL-2RP was quite high in all tested organs.
Further phenotypic characterization was conducted with respect to the expression of CD4', CD8+ and DN CD4-CD8-phenotypes ( Fig. lb and c) . In scid mice, CD3 cells were absent, but a few CD4'+ and CD8'+ cells were present.
Although normal CD3int cells were a mixture of CD4+, CD8 + and DN cells (CD4'>CD8+>DN) in the liver and other organs, the expanding CD3in, cells in treated scid mice were unique. Thus, the major expanding cells were CD8+ in all tested organs and in all cases of transfer ( Fig. lb) . It should be noted that DN cells did not emerge at all (except a few such cells in the thymocyte-thymus combination) ( Fig. lc) .
As already shown,23 CD3int cells did not acquire IL-2Ra in vivo, even after activation. It was confirmed that all expanding T cells in scid mice were IL-2Rc- (Fig. 2) .
To determine the expansion level of CD3int cells in scid mice, the absolute numbers of cells yielded by the liver, and spleen, were examined (Fig. 3) . The expansion was more prominent in the liver than in the spleen of scid mice when liver MNC or splenic MNC were transferred into scid mice. In other words, the circumstances for the expansion of CD8+ CD3int cells are optimum in the liver.
Difference in the distribution of VP + cell clones in treated scid mice Since CD8 + CD3int cells mainly expanded in treated scid mice, it was then examined whether there was a difference in the distribution of VP' cell clones in treated scid mice (Fig. 4) . (a) Two-colour staining for CD3 and IL-2RB; (b) Two-colour staining for CD4 and CD8; (c) Two-colour staining for CD3 and a mixture of CD4 and CD8. MNC (1 x 107) from the spleen and BM of lpr mice were injected into lethally irradiated (9 Gy) Ipr mice. On day 7, MNC were obtained from the liver, spleen and thymus, and the phenotypes were analysed. The control consisted of normal BALB/c mice. Similar to the case of lpr mice after the onset of disease, the expanding T cells were CD3in' cells expressing a lower density of IL-2Rr. They were a mixture of CD4', CD8+ and DN cells. To clarify the position of TCR1n' cells in normal mice, BALB/c mice at the age of 8 weeks were also used as a control.
Both in the liver and spleen, V133+ and VP8+ cells expanded much more intensively in treated mice.
Positive selection also occurs at an early stage of T-cell differentiation
In the experiments thus far described, we used mature lymphocytes of lpr mice for transfer into scid mice. We then transferred bone marrow cells of lpr mice into scid mice (Fig. 5 ). Bone marrow cells were depleted of CD3 + cells by the pretreatment with anti-CD3 mAb and complement. Similar to the case of mature lymphocytes, CD3int cells expressing a high density of IL-2Rj emerged in all tested organs on day 7. They were IL-2RP+ but not IL-2Ra-. Even in this case, the majority of such CD3int cells were CD8'.
Expansion of DN CD3mI cells in irradiated lpr mice which received splenic MNC or bone marrow cells of lpr mice
Since the expansion of TCRint cells in treated scid mice occurred under allogeneic circumstances, the skewed expression of CD8 antigens or VP' cells on CD3in, cells might be an outcome of positive selection by the recognition of allogeneic MHC. To confirm this notion, whole fractions of splenic MNC and bone marrow cells (1 x 107 cells/mouse) were transferred into irradiated (9 Gy) lpr mice (syngeneic combination) ( Fig. 6 ). As expected, an abnormal expansion of CD3int cells was seen on day 7 (Fig. 6a ). In the case of these recipients, the expression level of IL-2RO on TCRint cells tended to decrease. The phenotypic characterization revealed that the expanding CD3int cells in these recipients were a mixture of CD4', CD8+ and DN cells, similar to the case in lpr mice ( Fig. 6b and c) .
Purified CD8 + cells of lpr mice expand in scid mice
The experiments thus far described revealed that a decision as to what phenotypes of cells among TCRint cells expand seems to be dependent on the surrounding microenvironments. However, we could not rule out the possibility that some mature T cells expand spontaneously without the positive selection, especially because of the lpr gene in these mice (i.e. lymphoproliferative disorder). To investigate this possibility, we injected purified fractions of CD4, CD8, DN cells obtained from the spleen of lpr mice, into scid mice (Fig. 7) . It was demonstrated that the purified CD8+ cells resulted in the expansion of CD31n' cells ( Fig. 8a) . No expansion of TCRnt cells was induced by the purified CD4' cells and DN cells.
All expanding TCRin, cells in these scid mice were CD8 + ( Fig. 8b and c) . These results also suggest that even DN cells do not have the potential to switch to CD8+ cells.
DISCUSSION
Many investigators have believed that only DN CD4 CD8 acT cells are affected in lymphoproliferative disorders in lpr mice. However, the present study revealed that such proliferation is the result of positive selection of TCRint cells for their surrounding microenvironments. There is a possibility that DN oc4T cells may recognize their own antigens in the periphery and that this may determine their expansion in lpr mice. When they were surrounded by allogeneic major histocompatibility complex (MHC) in scid mice, CD8+ cells began mainly to expand. Even CD4 + cells in lpr mice had the potential to expand if they were exposed under MHC class II disparity conditions (our unpublished observation). It is concluded that, irrespective of lpr genetic abnormality, all TCRint cells have the ability to expand in the body, and that their phenotype is determined by the recognition of the surrounding microenvironments.
We, as well as other investigators, have previously reported that some CD4' and CD8+ cells carry abnormalities in lpr mice. '6,24 For example, the level of DN CD4-CD8-cells in the liver was not as high as those in the spleen and lymph nodes. They were comprised of mainly CD4' and CD8+ TCRin' cells in the liver of lpr mice. Moreover, at some sites in the thymic medulla of lpr mice, there was a massive expansion of CD4' TCRin, cells.16 However, at that time, it was obscure whether all such patterns of their distribution were the result of the recognition of the surrounding microenvironments. The present results clarified that allogeneic MHC recognition is mainly exerted by CD8+ cells even in lpr mice. The importance of the expression of MHC class I and II for the induction of lymphadenopathy and autoimmune disease, respectively, has been reported in lpr mice. [25] [26] [27] As already reported,23 CD3n' cells did not acquire IL-2Ra in vivo even after activation (i.e. they remained at a level of IL-2Rocr,+ intermediate affinity IL-2R). These CD3int cells are generated through the extrathymic pathway in the liver and an alternative intrathymic pathway. On the other hand, another population of conventional T cells, CD3high cells, were identified as IL-2Rt3 CD3PI"' cells. CD3higl cells have the phenotype of IL-2Ra-I-under resting conditions and acquire the phenotype of IL-2RaxB (i.e. high-affinity IL-2R) after activation.
Since both bone marrow cells and MNC isolated from the peripheral organs produced the same above-mentioned results, the events of positive selection in TCRint cells appear to occur at both a precursor level and the postmaturation level. It was 1998 Blackwell Science Ltd, Immunology, 94, 149-159 interesting that the mature CD4' and DN cells were not able to recognize allogeneic MHC antigens at all. When CD8+ cells obtained from the spleen were injected into scid mice, their expansion was limited. In this regard, CD3-IL-2RP+ NK cells in the recipients were not diluted as much as shown in the staining profile. In contrast, when bone marrow cells were injected into scid mice, the expansion of CD8 + cells was substantial. These results show that purified mature CD8 + cells contained limited clones for the recognition of allogeneic MHC antigens. On the other hand, precursor cells contained a large pool of such clones.
The present study, therefore, revealed that the expansion of TCRint cells with DN CD4-CD8phenotype is rather a restricted phenomenon. It is speculated that these cells may recognize some antigens among their own surrounding antigens in context with self MHC antigens. In any case, the present study revealed that the expansion of each subset among TCRint cells is influenced by the surrounding microenvironments.
Primarily, TCRint cells comprised three subsets, including CD4-CD8-cells, CD4' cells, and CD8+ cells, in normal mice.'0 According to the results from J2-microglobulindeficient mice, the expansion of CD4-CD8-cells and CD4' subsets was highly associated with the existence of monomorphic class I MHC antigens such as CD1.9 In a subsequent study (the manuscript submitted for publication), we further examined how these subsets among TCRint cells varied in class I disparity (B6-+bml) and in class II disparity (B6-+bml2), by means of bone marrow cell transfer to 9 Gy-irradiated mice. Control was a B6--B6 syngeneic combination. Interestingly, B6-+B6 mice comprised three subset mixture of TCRint cells, similar to control mice. However, B6-÷bml mice had mainly CD8' TCR1nt cells, while B6-.bml2 mice had two subset mixture of TCRint cells, including CD4' (dominant) and CD8 . Namely, a point mutation of amino acid on polymorphic MHC antigens (both class I and II) was also recognized by TCRint cells. Taken together, TCRint cells were found to also expand under the influence of polymorphic MHC antigens. Summarizing data for TCR"nt cells were that the CD4-CD8and CD4' subsets recognize monomorphic class I MHC antigens, CD8 + cells recognize polymorphic class I MHC antigens, and some CD4 + and some CD8 + cells recognize polymorphic class II antigens.
In the present study, we extended the experiments of TCRint cells to lpr mice. We only represented results of the combinations of lpr-dpr and lpr-÷scid in this study. There was a reason why the combinations of B6.1pr--B6, B6.lpr-+bml, and B6.lpr-+bml2 were not represented. It was because mice with all these combinations died within a few days after bone marrow cell transfer, due to so-called lpr graftversus-host disease.28-30 This is due to the attack of lpr cells by radioresistant NK T cells in recipient mice (our unpublished data). In this situation, we showed the results of only two combinations of lpr-lpr and lpr-+scid in this study. In the case of scid mice, NK T cells are absent and the present experiment was therefore possible. O~~~~~~~w i~~~..,.!...is, CD3 Figure 7 . Purification of CD4+, CD8+ and DN CD4 8-cells in the spleen of lpr mice. Cell sorting was carried out to isolate purified cell fractions after two-colour staining for CD4 and CD8, or that for CD3 and a mixture of CD4 and CD8. Purity of each fraction was beyond 98%.
The present data were limited. However, the evidence that the conditions of allogeneic MHC disparity induced mainly the expansion of CD8 + TCRint cells even in lpr mice seems to be important. 
